Previously, studies from our lab have shown that while acute nicotine administered prior to training and testing enhances contextual fear conditioning, acute nicotine injections prior to extinction sessions impair extinction of contextual fear. Although there is also strong evidence showing that the acute nicotine's enhancing effects on contextual fear conditioning require high-affinity a4b2 nicotinic acetylcholine receptors (nAChRs), it is unknown which nAChR subtypes are involved in the acute nicotine-induced impairment of contextual fear extinction. In this study, we investigated the effects of acute nicotine administration on contextual fear extinction in knock-out (KO) mice lacking a4, b2 or a7 subtypes of nAChRs and their wild-type (WT) littermates. Both KO and WT mice were first trained and tested for contextual fear conditioning and received a daily contextual extinction session for 4 days. Subjects received intraperitoneal injections of nicotine (0.18 mg/kg) or saline 2-4 min prior to each extinction session.
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Our results showed that the mice that lack a4 and b2 subtypes of nAChRs showed normal contextual fear extinction but not the acute nicotine-induced impairment while the mice that lack the a7 subtype showed both normal contextual extinction and nicotine-induced impairment of contextual extinction. In addition, control experiments showed that acute nicotine-induced impairment of contextual fear extinction persisted when nicotine administration was ceased and repeated acute nicotine administrations alone did not induce freezing behavior in the absence of context-shock learning. These results clearly demonstrate that high-affinity a4b2 nAChRs are necessary for the effects of acute nicotine on contextual fear extinction.
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Introduction
Numerous studies identified a strong bidirectional relationship between fear-related disorders such as post-traumatic stress disorder (PTSD) and smoking (Breslau, Davis, & Schultz, 2003; Breslau, Novak, & Kessler, 2004; Feldner, Babson, & Zvolensky, 2007; Koenen et al., 2005) . For example, PTSD patients had higher rates of nicotine-dependence compared to healthy individuals (Lasser et al., 2000; Ziedonis et al., 2008) . In addition, development of PTSD has been shown to increase smoking initiation and number of cigarettes smoked daily (Breslau et al., 2003 (Breslau et al., , 2004 . While nicotine dependence increases with PTSD, smoking has also been linked to increased severity of PTSD symptoms. For example, nicotine intake increased trauma-related intrusive memories (Hawkins & Cougle, 2013) as well as fear response to a trauma-related script (Calhoun et al., 2011) . This suggests that PTSD may increase the severity of nicotine dependence; in return, nicotine may also worsen the fear-related symptoms. In parallel with human studies, the effects of nicotine on fear learning and memory have also been documented in laboratory animals (see Kutlu & Gould, 2015 for a review). These studies suggested that acute nicotine selectively enhances hippocampus-dependent forms of fear conditioning, such as contextual and trace fear conditioning, but not does affect hippocampusindependent cued fear conditioning (Gould & Wehner, 1999; Gould, 2003; Gould & Higgins, 2003; Gould & Lommock, 2003; Gould, Feiro, & Moore, 2004; Davis, James, Siegel, & Gould, 2005; Davis, Porter, & Gould, 2006; Davis & Gould, 2006) .
Multiple studies have shown that high-affinity nicotinic acetylcholine receptors (nAChRs) are required for nicotine enhancement of hippocampus-dependent learning (Davis & Gould, 2006 , 2007 Davis, Kenney, & Gould, 2007) . For example, Davis and Gould (2006) showed that the high-affinity a4b2 nAChR antagonist dihydro-beta-erythroidine (DhbE) administered systemically reversed the enhancement of contextual fear conditioning by nicotine in C57BL/6J mice. However, there were no effects of the lowaffinity a7 nAChR antagonist methyllycaconitine (MLA) on the acute nicotine enhancement. Furthermore, Davis et al. (2007) also suggest that the acute nicotine-induced enhancement of contextual
